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Abstract: A process for fabricating an ONO fl oating-gate el ectrode 62@@ Qn
a two-bit EEPROM device (10) includes the formation of a top oxi de!d (AR 004
(32) usig,g%la hi gh-t enper ature-oxi de (HTO deposition process in which the

HTO pMi

3 s carried out at a tenperature of about 7BETUSN2866ut 800

[err] C by either amdi¥eMperukt 6¥IBE EBBSTbN EP;Ede:i%f@és Fhe process
Sl

further includes the sequential formation of a icon nitride layer (30)
and a top oxide layer (32) usiing an in-situ LPCVD or RTCVD deposition
process in which the silicon nitride |ayer (30) is not exposed to amnbient
at nosphere prior to the formati on of the top oxide
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TECHNICAL FIELD

.This invention relates, in general, to methods for fabricating semiconductor devices and,

more particularly, to methods for fabricating two-bit EEPROM devices.

BACKGROUND ART

Non-volatile memory devices are currently in widespread use in electronic
components that require the retention of information when electrical power is terminated.
Non-volatile memory devices include read-only-memory (ROM), programmable-read-only
memory (PROM), erasable-programmable-read-only memory (EPROM), and electrically-
erasable-programmable-read-on]y-memory (EEPROM) devices. EEPROM devices differ
from other non-volatile memory devices in that they can be electrica"y programmed and

. erased. Flash EEPROM devices are simitar to EEPROM devices in that memory cells can

be programmed and erased electrically. However, Flash EEPROM devices enable the
erasing of all memory cells in the device using a single electfical current pdlse. |

Typically, an EEPROM device includes a floating-gate electrode upon which
electrical charge is stored. The ﬂoating-,gat_e electrode overlies a channel region residing
between source and drain regions in a semiconductor substrate. The floating-gate
electrode together with the source and drain regions forms an enhancement tfaesistor. By

_storing electrieal charge on the floating-gate electrode, the threshold voltage of the

enhancement transistor is brought to a relatively high value. Correspondingly, when

4 charge is removed from the floating-gate electrode, the threshold voitage of the

enhancement transistor is brought to a relatively low value. The threshold leve! of the

‘enhancement transistor determines the current flow through the transistor when the

transistor is turned on by the application of appropriate voltages to the gate and drain.
When the threshold voltage is high, no current will flow through the transistor, which is
defined as a logic 0 state. Correspondingly, when the threshold voltage is low, currenf will
flow through the transistor, which is defined as a logic 1 state.

In a flash EEPROM device, electrons are transferred to a ﬂoating-gate electrode
through a dielectric layer overlying the channel region of the enhancement transistor. The
electron transfer is initiated by either hot electron injection, or by Fowler-Nordheim

~tunneling. In either electron transfer mechanism, a voltage potential is applied to the

floating-gate by an overlying control-gate electrode. The control-gate electrode is
1 : "
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dioxide is known to provide satisfactory dielectric separation between the control-gate

electrode and the channel region of the enhancement transistor, while possessing

, electrical characteristics sufficient to store electrical charge. |

20 One ‘important dielectric material for the fabrication of the floating-gate

electrode is an oxide-nitride-oxide (ONO) structure. During programming, electrical

charge is transferred from the substrate to the silicon nitride layer in the ONO

structure, Voltages are applied to the gate and drain Creating vertical and lateral

- electric fields, which accelerate the electrons along the length of the channel. As the

25 electrons move along the channel, some of them gain sufficient energy to jump over

the potential barrier of the bottom silicon dioxide layer and become trapped in the

silicon nitride layer. Electrons are trapped near the drain region because the electric

fields are the strongest near the drain. Reversing the potentials applied to the source

a_nd drain will cause electrons to travel along the channel in the opposite direction and

30 be injected into the silicon nitride layer near the source region. Because silicon nitride

is not electrically conductive, the charge introduced into the silicon nitride layer tends
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_)ﬁl ?tctrgbas-h' EEPROM devi ce, electrons are transferred to a floating-gate

&l &t de through a diel-ectric |ayer overlying the channel regi on ©WS00P&696
enhancenent <transistor. The electron transfer is initiated by either hot

el ectron injection, or by Fow er-Nordheim tunneling. In either el eddrAPR 2004
transfer me¢fi®P sm a voltage potential is applied to the floating-gate by -
an overlying control-gate el ectrode. The control-gate electrode is 1

SUBSTI TUTE SHEET ( RULE 26) 19 APR 2004 capacitively coupled to the

fl oati ng-gate el ectrode, such that a voltage applied on the control gate
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20 volatile memory device is known as a two-bit EEPROM. The two-bit EEPROM is
capable of storing twice as much '
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fields are the strongest near the drain. Reversing the potentials applied
to the source and drain will cause electrons to travel along the CE?Q??&%
in the opposite direction and 30 be injected into the silicon nitri aye
near the source region. Because silicon nitride is not electrically
conducdwWpD®316dhe charge introduced into the silicon nitriBeT/Uspesedsends
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J' o as much AVENDED SHEET 2a 19 APR 2004 10 15 20
0728696 information as a convent| onal EEPRO\/I in a

1gerory arr aSI'h@fpr@éEm invéhﬁdh is for h%iocé@gfdr'f&ﬁfcatmg an ONO floating-gate
electrode in a two-bit EEPROM device. Fabncatlon of a two-bit EEPROM device us:ng an
ONO floating-gate electrode requures the formation ofa hlgh quality ONO structure. This is

- because proper functlonahty of the two-bit EEPROM device requires localized charge

storage within the ONO structure. In partlcular the top oxide layer must have a densaty

20 ' "suffncnent to minimize the fon'natlon of charge traps The formation of charge traps in the
top ox:de layer can lead to undesirable charge leakage within the top oxide layer and at the
interface between the top oxide layer and the underlying sificon nitride layer. Ina properly
formed ONO structure, all electrical charge is stored in the silicon nitride Iayer By
fabricating a high quahty top oxide layer, stored charge in the ONO structure remalns

25 localized within predetermmed regions in the silicon nitride layer.

In one form, a process for fabricating an ONO floating-gate electrode includes
providing a semiconductor substrate, and thermally growmg a first silicon oxide layer on the
semiconductor substrate. Then, a silicon nitride layer is formed to overlie the first sullcon
oxide layer. A second layer of silicon oxide is then formed to overlie the silicon nitride layer

30 using a high temperature oxide (HTO) deposition process. The hlgh temperature oxide
deposition process is carried outata temperature of about 700 to about 800° C.
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In the operation of ﬂoatmg -gate transistor 10, voltages are applied to control-gate
electrode 24 and to source/drain regions 12 and 14 that cause electrical charge from
source/drain regions 12 and 1 4 to propagate across channel region 18. Once the charge
encounters a sufficiently strong vertical field, the charge is either mjected or tunnels from

| channel region 18 into silicon nitride layer 30. For.example, dependlng upon the part:cular

voltage levels applied to control-gate electrode 24 and to source/drain regions 12 and 14,
electncal charge 34 is transferred into silicon nitride layer 30 and is localized to reglons in
prox:mlty to either source/drain reglon 12, or source/dram region 14.

Those skilled in the art will recognize that the proper functioning of a two-bit
EEPROM device necessarily requires that electrical charge 34 remain isolated in the
regions of silicon nitride layer 30 to which it is initially introduced. The proper maintenance

-of electrical charge 34 in localized regions of silicon nitride layer 30 is critical to the proper

performance of a two-bit EEPROM device. In particular, the quality of ONO structure 26
4
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art W bbodt®0098 ab8uf Tiadbe ENSHRQREK-functioning of a two-bit EEPROM device
necessarily requir es Plagt:' 2?‘88 ri é'gf'lﬁéﬂ%%f’ago@g asiinen AX|dsleyerareferably e
r egi on82fg §|ﬂp}pb Sii aboud g tp fpeut _ﬁ)namrr]\la!iecéaaﬂéi more prétérablyl dnickidacced.
- The pr ah&s 168anbRizgleeT : e in.localized regions o
silicop nitride |ayer BBQ-I )é'a_ct?tﬁ é'?%?é? %arﬁ’l%%?w ingithen 3 BRigkhPe of a
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such that charge | E‘?ka %ﬁ%%'gr ’é’é‘gr%é%?n% %q?%‘d“tﬁ e layRe %glsefPffa%tOtsyﬁ&n t he
first ghtilicanc@ide byen Bons Bustdatetdy EIG. 28Prmtalabhy silieots nitiitie &98r 35 fr | de
| ayer . fofdldd bl PrEdrsYof a$55Q Wb l-ki pxi de | ayver - be of sufficient
densi tgg sucx. t hat_ cﬁaﬁe%@%&hﬁﬂgﬁfg@%ﬁgp&ﬁpﬂiﬁ JPIR'Oshss- THe silicon
oxi de THAENP ;gpc_:es; IS carried out at a temperature of about 700 to about 800° C. The silicon
. : nitride material is formed by reacting ammonia (NHy) with either dichlorosilane (SiCl.Hy) or
) sil;me (SiHa). The processes is carried out for a period of time and at gas flow rates
sufficient to form a silicon nitride layer preferably having a thickness of about 5 to about 15
: nanometers, and more preferably about 100 angstroms. In one embodiment of the
“AinventiOn, ammonia is introduced in the RTCVD apparatus at a flow rate of about 1
standard liter per minute (slpm) and either dichlorosilane or silane is introduced at a flow
30 rate of about 30 to about 50 standard'-cubic-centimeters-per-rﬁinute (sccm). The RTCVD
process is carried out in three steps including an initial temperature 'ramp, a deposition
step, and cool-down step. Preferably, the total residence time of substrate 16 in the

RTCVD apparatus is about 3 minutes. Preferably, the silicon nitride deposition step is
completed in about 2 minutes. '

- 35 Alternatively, silicon nitride layer 30 can be formed by means of a
low-pressure-chemical-vapor-deposition (LPCVD) process. In the alternative method, the
5
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5 In accordance with the invention, charge |eakage within ONO structure 26
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appar at us. The LPCVD process 1Is era ressure of

about YpRPNErG! %%Bﬁtf"eéﬁ‘ﬁiﬁt'%cw r UoﬁdrtpmsatajhaSa Siigé);- B@h-dénsmm@:ammm a
28nd ei 6Xi8¢ lajief B dpositddVer Silicoh it 18630,

An important aspect of the invention mcludes the sequent:al formation of snhcon
nitride layer 30 and second silicon oxide layer 32 in the absence of exposure of silicon
nitride layer 30 to ambient atmosphere. Following the deposmon of silicon nitride layer 30
- onto first silicon oxide layer 28, substrate 16 is transferred to an oxide deposition chamber
30 under vacuum conditions without exposing the substrate to ambient atmosphere.
Alternatively, a positive-pressure inert gas atmosphere can be introduced during wafer
transfer. The in-situ nitride and oxide deposition respo:"nse can be carried out in a batch-
type LPCVD system.
Those skilled in the art will appreciate that various means exist for insuring that
35 silicon nitride layer 30 is not exposed to ambient atmosphere prior to the deposition of
second silicon oxide layer 32. For example, a cluster/tool apparatus can be used in which
6

;
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After formng silicon nitride layer 30, second silicon oxide layer 32 is
formed to 5 overlie silicon nitride layer 30, as illustrated in 'TfBQPR"lUUU n
accordance with the invention, second silicon oxide |layer 32 is forned

ei ther an RTCVD or an LPCVD process. The second silicon oxide layer 32 |s
f or mredWMoE31698TCVD appar at us usi ng nitrous oxide (N20) wouudioekdoer osi | ane.
The RTCVD processes preferably carried out at a tenperature of about 700

t o abouterdioendusty spBytrate 16 islransiewed Bpm pitride depositisn ¢hagniermeareexiden
si m | argdabsitin Wh&ﬁ‘lbblhlﬁ a%%%&fs%ﬁn“éﬁﬂoﬁﬂgﬁ%e ﬁ'ahoé.itfv'ecﬁ)rgssﬂlle urlézqe | ayer

30, a three-step deposition sequence Is use step, a
deposi tgaﬂatgpépherand\ltam@tmly,dm\nttsd@gepqaﬁ@n andtoaldepepm’sen ngDCESSHE cam t he

RTCVD a‘?ﬁ&}‘(ﬁ t he Qsition step
about . iﬁ?gé@%gﬁ?ﬂygc slp uth gls% %p&%i era pﬁo&’ %‘gﬁ MZ]%Q“B%%? r%ﬁ ' F ous oxi de
i% usedvariadsl thQGﬁath gasasbo%ncozﬁngly, albsuch véﬁatms iand aodificationparef er abl y,
about &m?ecrﬁ&h 4 lﬂl%fbr@érﬁ * ne i s used. The RTCVD process forns a

si |l i con”0OXi ayer aving a p ?erred t hi ckness of about 5 to about 15
nanomet ers, Boltbwing thegoraiationlof QNO struictlifs wmﬁa{e&gaté StruBtarelsR6MR iRr ocess,

t he se QXi n|tr|d n_a batch e of fur
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ovi des ntial forpation of individua

1IFa:iyer s ‘\’ﬂ'?ﬁl'ﬂ r}ﬁﬁie#ﬂgegg @taﬂ%éNh @33'38 te flegtrodey, thasg sigiliedin therark will con

nitri deegb@ym th&ﬂvmuﬂssgatmﬁﬂnmgl rnaRfalRdafidel ¥E to REridake %oﬁﬁ&'—{ﬁfélt ial,

in-situ ce ni, m ontam nation at the silijcon
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oxi datlsih‘t:oaaanbbonceslsmam haefrmaufpmbmsnluadglaﬁaltﬁe ikl gh-density silicon 25,

oxi de layer is depos v I, con n| ride |ayer 30. An inportant aspect

of the i nvenJ[ﬁ%sf'I%f)%gh gge ﬁﬁc'gﬁﬁ%&ﬁ‘?"éﬂ aPB?Wﬁ'Pa}{?d""SPt'QPIEP BORESSHOR i de

151?/er %bﬁm:ngmuthOsﬂohIlrtg;gatewletﬁrddéyﬁb W 3-bit EEﬁ%W&&ﬂBéQhﬁfu]@W&é@ of

silico
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W t hout._ex | SLT. 0 a er e er |ve a
poSi t i JB‘?%'B'QE&%%'& gﬁﬁﬁoﬁﬁéﬁﬁfﬁﬁﬁ)ﬁ@@' %bxrﬁ'ﬁog? shiigddad Slﬂﬂl‘ﬂ[; waf )ér
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not expsiaeture caab’elvaned fomusathiesseripsd Rerelno It i thallitre siteineledab incla8s Within
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PCT/ Usmmiéaﬂéﬁclaswambemhmlexﬂsmérebfn ate 16 is transferred froma nitride
depositi on chanmber to an oxide deposition chanber in a continuous vacuum
environment, or in a positive pressure inert :
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07A%8- giyjosphere. Alternatively, the nitride deposition and oxide deposition

. processes can be sequentially carried out in Replanginentd®positi on ANDERGE96
that i's configured to receive various processing e rdingly, all
such variations and nodifications are contenpl at eg‘ﬁj ﬂéﬁ%ﬁ?esent 19 APR 2004
i nvention. F®IboOwW ng the formati on of ONO structure 26, the stacked-gate
structure showmn in FIG 1 is conpleted by depositing a | ayer of gate
formng material overlying second silicon oxide |ayer 32. A |lithographic
patterning and etching process is then carried out to define 10
-control -gat eLaliems:rode 34 and an ONO floating-gate el ectrode. Those skilled
inthe art WwIl recognize that various gate-forming materials can be used
to fabricate control-gate electrode 24. For exanple, control-gate

el ectrode 2 can, b d w,th ycr stal |ine silicon, anphorous
silicon, a fef ract §F(§5’8‘7§g? taqu O tfieating-gate eleatepdet e retwarbitbeen

d| scl osed | BEPROM déviceccon he i nvention a process for 15 fabricating an
Idgatl ng- gate eI ectrode in a two-bit EEPROM device that fully provides
the advant ages- sl@’P Wmmmcbmﬁcwﬁm&a@ g1é)as been descri bed

and illustrated ter.en ecgific Ilustratlve enbodi nent s
thereof, it is no% |nn? eg‘ggﬂnﬁﬁlﬁsﬁmf Vé‘ﬁtd 18} toydorm &, firgtgsilicon; dioxide

i1l ustrati vayee @8)din'thesubstrBPE®; skilled in the art will recognize that
vari ations and r}DdIfI cations can be made w thout departing fromthe spirit

of 20 the inventiPBRNgR c‘173130@!19#?51‘3éa)’et'ff-‘l!‘))10h|thfkfwtssilﬁ.mn«iioxidia:elayeﬂ(128);a:hdal | ayers

maki ng up the ()}Qﬁo rie hat de cribed herein. It
is therefore inte S?%défjo [ ncfﬁ%’Qer 0% ‘ﬁ%&? @?@ cpn Jyfrde Jayer at i ons
~and i fi € &Q)'@malhahtehpbiatmbmdedbm hﬁ&tm%@g@ clai ms and

equi val ents ther S TUT (RULE 26) CLAI M5: 19 APR 2004 1.
A process for fa gs@g?x} Hg"i%kaéﬁb%ﬁoﬁfﬁ)ﬁﬁe‘b&ﬂ&@%ﬂhm chemical \iapbi t

'5555?33“?@?‘”“‘%%‘“83% R RS (o] i Bl 2T R

first sili WWP@EM(M)WWW%SM@@m Agréupsi | i con

nitride | a¥@1§sxs@ﬁ$ bﬁk? i con dioxide layer (28); and depositing
a second | ayer of si con I OXI 335% on the silicon nitride |ayer 10 (30)
usi nd5a_ hi gh teﬁ;@dmahmmmem tsm@!ilpﬁfc%s%%&nﬁ@%?ﬁ{&'i&ﬁﬁ@a&& that:

the silico is formed using rapid thermal chem cal vapor-
deposi ti ongfj5 ¢d Stﬁexgba% m%% voyehargei isplation(regipng inahersiicon and 20
to 50 st aniidedapatlfd@): centinetres-per-mnute (sccm) of a second gas
‘selected froma group

2. A process as claimed in claim 1, wherein depositing a second silicon dioxide
20 Iayer (32) comprises low pressure chemical vapor deposition using nitrous oxide and
the second gas.

3. A process as claimed in claim 2, wherein depositing a second silicon dioxide
Iayer (32) comprises low pressure chemical vapor deposition using 0.5 to 2 slpm
25 nitrous oxide and 10 to 50 sccm of the second gas.

4, A process as claimed in claim 2 or claim 3, wherein depositing a second
dioxide layer (32) comprises the low pressure chemical vapor deposition using nitrous

oxide and dichlorosilane at a ratio from 10:1 to 200:1 by volume.
30

AMENDED SHEET



Of_ggg;scﬁ1i ng of silane and dichlorosilane; and 15 the hi gh tenperature oxide
. d ion process -is carried out at a tenperature of 700C to 80Q§sgopgtde
to mairntain.at |east two charge isolation regions Replatementipagen nitride
~layer (30). 2. A process as clainmed in claim1, where€in depositing By 4ef end

silicon di of°W& - 20 layer (32) conprises |ow pressurZgcMARizgpl vapor
deposition using nitrous oxide and the second gas. 3. A process as clained
in claim2, wherein depositing a second silicon dioxide [|ayer (32)
conprises | ow pressure chem cal vapor deposition using 0.5 to 2 slpm 25

nitrous oxifle and pProcése abQlaaaed i iting - ss a@s .Gl ai med
in claim?2 ﬁr céﬁiﬁnl?& _wherein deélg???l’ Wg&gg%ﬁﬁmé& é(%f(‘f’)rgggﬁ%% 10 é?)
compri ses t#Er( ﬁﬂ%@?@pﬂﬁbmgbhmipdwaplmm@bﬁﬁm using nitrous oxide
and dichlorosilane at a ratio from10:1 to 200:1 by volume. 30 8 ANMENDED
SHEET Repl acenent page 2 9 MAR 2004 19 APR 2004 5. A process as

clai med in &l ai nA Jprosid’e &€ cRIBRPRSEk 0 bihd loxide ..l ayer (32)
conprigses ra)%iﬁd ék]?er mal  chemni cal %/%ﬁlg?’ gig;é)%ishl %M%Wﬁ?g ‘ngl%? ai med
in clal m5BXHRS )ﬁomih :ap_uigﬂlae ohdléishﬂmpdébosi@i&eusii‘ngypgo(?%&;m
conprises al.  vapgr deposition using 1 to 3 slpm .

ni t rous oxilgogb%n%ﬂgé%% #5{?)22%@1‘:‘3?6%88@%%?@5&8 B thg geoond silisonrdioxdd i con
di oxi de | dayer (32) hpving vithigkiRss b sUessy) KF 50 to 150 A. 7. A process as
claimed in claim5 or claim6, wherein depositing a second 10 di oxide

~layer (32) conprises the rapid thermal chem cal vapor deposition using

ni trous oxipde a 1 Qii'!éi‘ ak..a ratig fram 13:1 to 120:1 by vol une.
8. A process asaglpg?ér%e%glgn any ectlad'Fl gl?fi y Jviwrem, depesiting: asceand) east

two har gdiaxidsl layen(32)e gompeisear the MRipitt ahdiiA] icherhilfl gdﬂo C&%" i41ide |ayer
- (30) by forymn %&‘3 13 SL}{OiFC n nitride |ayer (30) an the e%g%% SI Pi con
di oxi de | a °“?§ 2nd, dic 3tq rata foabiyhée 120:1 bxpolmmee t 0 anbi ent
at nrosphere. 9 - AMENDED SHEET
8. A process as claimed in any one of claims 1 to 7, wherein the at least two
charge isolation regions are maintained in the silicon nitride layer (30) by forming the
15 silicon nitride layer (30) and the second silicon dioxide layer (32) sequentially in the
» absence of exposure to ambient atmosphere. |
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